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Abstract 


Silica-based ceramic cores are significantly used in the investment casting process. For this purpose, sufficient 
flexural strength and thermal resistance are inevitable. In this study, the effect of zircon-alumina fibers on the 
mechanical and chemical properties of the ceramic cores was investigated. Samples were produced by injection 
molding method. The impact of incorporating of different quantities (0, 1 and 2Wt %) of alumina-zircon fibers on 
the mechanical and chemical characteristics of the silica-based cores was examined. Bending strength, Phase 
formation, microstructure and leachability of cores were investigated. The results revealed effective enhancement 
for mechanical and chemical properties by increasing the fiber content. The Rheological Characterization 
demonstrated that the addition of fibers at 2 wt% effectively increased the viscosity and yield stress of the paste. 
Furthermore, The MOR results show that the flexural strength of cores increases up to 43% and the leachability 
enhances up to 44% for 2 Wt% of fiber. 
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1. Introduction 


In power plants, ceramic cores are widely used to produce cooling channels and lightweight turbine blades in 
investment casting of coaxial blades, single crystal solidification and directional solidification. For better 
dimensional accuracy, injection molding is often used for parts with complex shapes[1-3]. mechanical strength, 
thermal shock resistance, thermal stability, chemical inertness against superalloys and sufficient leachability are 
the other required properties. Fused silica is often used as cramic core for investment casting of nickel superalloy 
turbine blades due to its low thermal coeficient and high thermal schock resistance [4-6]. 


Gang Luo et al[7] reinforced silica-based ceramic cores by adding short carbon fiber via the investment casting 
process and injection molding and sintered in air and N2 atmospheres, respectively. They found that SiC formation 
as an in-situ phase increases core strength and enhances the crystallization of fused silica. They emphasize that 
this behavior may be attributed to the adhesion provided by the short carbon fiber at the interface, which decreases 
the free energy of crystallization. Notably, the specimens sintered in a nitrogen atmosphere exhibit a higher flexural 
strength, comparing to those sintered in ambient air. Kazemi et al [8] examined the impact of cristobalite 
crystallization on silica-based ceramic cores through a specific heat treatment involving a 6-hour heating at 1220°C 
followed by 1 hour at 1440°C. The study revealed that cristobalite forms on the fused silica grains' surface at 
around 1380°C. This phase transformation reduced the flexural strength of porous cores post-heat treatment, akin 
to melting. The cristobalite formed on the fused silica surface leaded to a notable decrease in the leachability of 
ceramic cores. Liang et al[9] examined the effect of alumina addition on cristobalite crystallization as well as 
core’s properties. According to XRD results, aluminaddition causes to fused silica crystallization at 1180-1220 °C 
and therefore increases the amount of in situ cristobalite. As a result of increasing the content of cristobalite and 
also adding alumina due to their higher thermal expansion coefficients than fused silica, the thermal expansion 
incereases considerably. Conducting the flexural strength tests at room temperature and 1500°C, it was determined 
that the addition of alumina had no effect on strength at room temperature, although it reduced the strength at 1500 
°C. Zheng et al[1] prepared fused silica-based ceramic cores by adding SiC fiber and investigated the effect of SiC 
fiber content on the mechanical properties. They found that the linear shrinkage decreased gradually with the 
addition of SiC fiber. Increasing the SiC fiber content up to 4 wt% decreased linear shrinkage to 0.62% as a result 
of SiC oxidation. Moreover the sample’s MOR and HMOR were increased due to the higher B-cristobalite 
formation. Zhang et al[10] studied his ZrSiO4-reinforced silicate-based ceramic core fabricated by laser powder 
bed melting (LPBF) combined with vacuum infiltration. To increase the penetration effect, a calcined body with 
high porosity and hydrophilicity was obtained by calcining at 1100°C. As a result, it was found that a large amount 
of silica particles had penetrated the pre-sintered body. The infiltrated silica promoted the formation of a liquid 
phase during sintering, which promoted void removal and particle bonding. However, the dispersed ZrSi04 
particles impeded the viscous flow of the liquid phase, resulting in increased porosity. ZrSi04 particles can hinder 
crack propagation due to their high resistance. When the addition amount of ZrSiO4 is 10 wt%, the bending 
strength at room temperature of the silica-based ceramic core impregnated with S1 suspension (mass ratio of silica 
sol and silica powder is 10): 1) is 17.21 due to reinforced sintering. MPa has been reached. neck. In addition, the 
bending strength at high temperatures reaches 13.90MPa. Therefore, the pre-sintering process could significantly 
improve the mechanical properties of silicate-based ceramic cores fabricated using LBF-VI technology. 


2. Materials and Method 


Table 1 summarizes the chemicals used in the experimental part. Samples are a mixture of fused silica with 
different particle sizes (mesh (200) < mesh (325) < mesh (400)) , zircon, binder, and Alumina-zircon fibers as the 
additive. The produced paste was with a thermal stirrer and shaped by injection moulding. 


In a metal mold, the paste was injection molded after being combined and thoroughly mixed in a thermal mixer at 
a temperature of about 100 °C. After demolding, the samples were transferred to alumina powder bed. Under 
suitable and controlled conditions, the debinding process of the manufactured samples allows the release of organic 
compounds such as main and secondary binder, as well as other additives. 


To design a suitable heating pattern the simultaneous thermal analysis (STA) was employed to determine the 
temperature range at which the binder release occurred in the samples. 
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The rheology tests were conducted with a Physica MCR300 device. The plate-plate spindle was used at 100°C 
for rhology tests. The X-ray differaction (XRD) method was used for phase analysis. In order to conduct XRD 
analysis The phase compositions of the specimens were detected by X-ray diffraction (PHILIPS model PW1800 
with a Ni filter and Cuxa radiation, Scan Axis:Gonio, Start Position [°2Th.]: 5.0100, End Position [°2Th.]:79.9900, 
Step Size [°2Th.]:0.0200, Scan Step Time [s]: 0.5000, Scan Type:Continuous, Offset [°2Th.]: 0.0000, Divergence 
Slit Type: Fixed, Divergence Slit Size [°]:0.4030, Specimen Length [mm]: 10.00, Receiving Slit Size 
[mm]:0.3000, Measurement Temperature [°C]:25.00, Anode Material: Cu, K-Alpha1 [A]: 1.54060, K-Alpha2 [A]: 
1.54443, K-Beta [A]: 1.39225, K-A2 / K-A1 Ratio: 0.50000, Generator Settings:10 mA, 10 kV, Diffractometer 
Type: 0000000000000000, Diffractometer Number: 0, Goniometer Radius [mm]: 173.00, Dist. Focus-Diverg. Slit 
[mm]: 91.00, Incident Beam Monochromator: No, Spinning: No) at a scanning rate of 2’/min using the specimens! 
milled powder, the samples were powdered below 75 um. The powdered samples were mixed with 20 Wt% of 
alumina powder prior to XRD analysis for semi-quantitative analysis. In order to analyze the crystallization of 
fused silica, the intensity of the main peak of alumina was compared to the main peak of cristobalite. An scanning 
electron microscope (FEI ESEM QUANTA 200, made in the United States) was used to monitor the polished 
surfaces and fracture surfaces of the samples. 


The porosity of sintered samples were measured using the ASTM Standard DIN-51065. An AccuPyc 1330 
Micromeritica helium pycnometer was used to measure the samples’ powder density (true density) after they were 
powdered and passed through a 100 mesh sieve. The mechanical behavior of sintered silica-based ceramic cores, 
was mesured using the Sanat Ceram co. three-point bending strength device. The loading rate was 0.1 MPa/s at 
room temperature and equation | was applied to calculate the samples’ fluxtural strength. According to this 
formula, 6 is the bending strength and F is the bending force, L is the distance between the two supports, h is the 
height of the samples’cross section, and b is the width of their cross section. 


6 =(3 FL/2 bh’) 0) 


Furthermore, considering the role of the ceramic cores which is for creation of the desired cavities insidethe turbine 
blade after the end of the casting process, the potential of leachability is one of the inevitable requrements of these 
cores, revealing the significance of chemical properties. 


Due to the acidic properties of silica-based ceramic cores, an alkaline bath was used to dissolve them. The samples 
were cut to the desired dimensions and after being dried. Then they were placed inside a boiling potassium 
hydroxide solution of 43 Wt% between 110 and 130 °C for 20 minutes. The samples were removed from the 
solution and were slowly washed with cold water. Then were dryed in a oven at 110°C. The weight loss of the 
samples (due to the chemical corrosion) was measured using equation 2 and expressed as a factor of leaching [10, 
11] 


Wb-Wa 
Wb 


Leachability = x 100 (2) 
where Wa represents the weight of the sample after-leaching and Wb represents the initial dried weight of the 
sample. 


3. Results and Discussion 


3.1. Rheological Characterization 


A significant aspect of the rheology of the injection paste is the ability of the paste to prevent deformation after 
injection, as well as the injectability of the sample and the complete filling of the mold. Due to these factors, it is 
necessary to investigate the rheological properties of the mixture from the standpoint of its flow behavior during 
the molding process. In this study, the effect of shear rate on viscosity was examined [12]. Figure l(a), reveals a 
logarithmic plot of viscosity versus shear rate for as prepared pastes. According to the curves, the paste rehological 
behavior is pseudo-plastic, i.e. the viscosity decreases continuously with increasing the shear rate. According to 
the results, all samples exhibit a similar behavior. This feature enables the injection process easier by increasing 
the injection pressure. Figure 1 illustrates a substantial increase in viscosity with the addition of 2 wt% of fibers, 
as compared to other samples which can be attributed to the morphology of the fibers and interparticle interactions. 
Furthermore, Figure 1(b) indicates a significant rise in yield stress for 2 wt% of fiber. This suggests the 
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reinforcement of electrostatic and van der Waals interactions between particles, which become more pronounced 
at shear rates exceeding approximately 50 s` but are subsequently disrupted. 
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Figure l. (a) viscosity vs shear rate.(b) Yield Stress variations by fiber magnitude 


3.2. Mechanical Characterization 


During investment casting of turbine blades, ceramic cores should have sufficient strength. By designing it to 
withstand the pressure exerted during the wax injection process without breaking and ensuring sufficient flexibility 
to prevent the occurrence of hot tears in the blade during the contraction resulting from melting and supercooling 
of the blade body. Figure 2 depicts diagrams of the cold three-point bending strengths (at 1200 °C) 
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Figure 2. The diagram of bending strength and density vs.Fiber magnitudes 
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The crystallization behavior of fused silica plays a fundamental role in the core’s performance. Fused silica 
crystallizes at temperatures above sintering (1250°C) as 8-cristobalite phase. This phase improves core strength at 
high temperatures then it is compatible with fused silica physically and mechanically. The B-cristobalite phase 
transforms into the alpha at 200 to 270 °C during cooling. As a result of this transformation a considerable number 
of microcracks are imposed to the system. Consequently, mechanical, physical and even chemical properties of 
the ceramic core were significantly changed, so it is very important to study the effects of additives in controlling 
the crystallization phenomena[8, 13]. 


The figure 3 reveals the XRD patterns of cores for 0 and 2wt% of fiber. The presenceof zircon, crystoballite and 
alumina is clear for both samples. From figure 3 is clear that both patterns are similar and the Fiber addition has 
no obvious effect on phase formation and crystallization of phases. 
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Figure 3- xrd diagram of cristobalite changes . 


According to the results, the sample containing fibers has the highest strength at room temperature compared to 
the fiber free sample. This phenomenon can be attributed to the activation of strength-increasing mechanisms, such 
as crack deflection and bridging, facilitated by the presence of fibers. Figure 4 shows the scanning electron 
microscopy of the cores with 0, 1 and 2 wt% of fiber. According the figure the fibers form a bridge between the 
porosities and the holes. This also leads to a deviation in the crack growth path, which leads to increase of 
mechanical properties. Nonetheless, as depicted in Figure 2(b), with an increase in the quantity of fibers, there is 
a corresponding decrease in density. This reduction can be attributed to the lower density of fibers and the larger 
volume of porosity, resulting in a lighter core. Higher porosity is an important advantage of this body because it 
creates a better path for leaching while maintaining strength. This characteristic can be regarded as advantageous 
for ceramic cores. 
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Figure 4. (a,b) 2wt%,(c,d) Iwt% (ef) Owt% of Alumina-zirconia fibers. 
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3.3. Chemical Characterization 


According to Figure 5, the leachability behavior of the ceramic cores significantly changes with the fibers 
content. This behavior can be considered a result of different mechanisms that influence the porosity and chemical 
resistance of the core in one directions. On the one hand, the porosities resulting from fibers open the leaching 
agent (KOH) path and cause more corrosion of the fused silica and easier core breakout. In other words, the 
chemical resistance of the fibers to KOH solution is lower than fused silica. The presence of fibers during the 
extraction process enhances the leachability of the core as it creates a pathway that increases the contact between 
the fused silica and KOH. Additionally, the existence of more holes and pores in the presence of fibers decreases 
the chemical resistance. The collective result of these phenomena significantly amplifies the leachability of the 
silica-based ceramic core when exposed to boiling alkali. 
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Figure 5. The change in leachability in different amounts of fibers. 


4. Conclusions 


This research investigated the impact of Alumina-Zircon fibers on the mechanical and chemical properties of 
Silica-Based Ceramic Cores. The results demonstrate that the addition of fibers at 2 wt% effectively increased the 
viscosity and yield stress of the paste. By the way it is not considered a problme for forming process by injection 
moulding. Furthermore, it revealed an increase in the flexural strength of the core, despite a reduction in the density 
of the samples. The improvement in mechanical behavior was attributed to fiber bridging in the areas of porosity. 
The addition of fibers led to increased porosity, enhancing leachability. The combination of lower density, higher 
strength, and good leaching ability represents crucial criteria for ceramic cores, all of which are achieved through 
the utilization of Alumina-Zircon fibers. Then it can be considered as agood candidate for application in the core 
composition. 
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